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several  regions along  the margin (e.g., Mazza et al., 2017),  including Jurassic kimberlitic magmatism in 
New York  and  Pennsylvania  (e.g.,  Bailey  &  Lupulescu,  2015;  Bikerman  et  al.,  1997),  the  Jurassic White 
Mountain Magma Series and younger Cretaceous magmatism in New England (e.g., Foland et al., 1971; 
Kinney et al., 2021), and the Cretaceous Monteregian Hills  in eastern Canada (e.g., Foland et al., 1986). 


































the Central Appalachians  (Long et al., 2020). We discuss possible mechanisms  for  lithospheric  loss and 
intraplate volcanism beneath the Central Appalachians and for the persistence of anomalous lithospheric 











2.1.1. Tomographic Imaging of the Central Appalachian Anomaly
Since the EarthScope TA traversed the eastern United States, a significant number of articles have been 
















&  Mooney,  2016;  Porter  et  al.,  2016;  Savage  et  al.,  2017;  Schmandt  et  al.,  2015;  Schmandt  &  Lin,  2014; 










































































Constraints  on  present-day  lithospheric  thickness  across  the  MAGIC  array  were  obtained  by  Evans 


























Central Appalachians  (Liu et al., 2018). Because  the phase  transformations associated with  the 410 and 
660 km mantle discontinuities are sensitive to temperature and water content, a detailed characterization 
of the transition zone can shed light on the thermal and hydration state of the mid-mantle and can reflect 

















































possibility  is  that  any  effects  of  lateral  variations  in  temperature  and  hydration  effectively  balance  each 
other out.
































































3300E    kg/m3 and  53.0 10E     C−1. A more realistic temperature contrast of 100°C–200°C produces a 
Bouguer gravity anomaly of 3.5–7 mGal, which is small enough that it  is unlikely to be observed. Using 
Birch's (1961) law
1.87 0.00305 ,pv     (2)
where  pE v  is p wave velocity in km/s1 and E  is density in kg/m3, a 3% anomaly in  pE v  produces a 3% change in 
E . Hence, a 3% change in E  is equivalent to −100 kg/m3, assuming an upper mantle density of 3,300 kg/m3. 
While a direct comparison between a reasonable absolute  pE v  anomaly, as constrained by gravity data, and 









Inferences on  the  thermal state of  the crust and  lithosphere can  in principle be gleaned  from heat  flow 
measurements and from the distribution of thermal springs in and around our study area; however, these 






































source  that  is  potentially  associated  with  metasomatism  that  is  typical 
of kimberlite/carbonatite magmas. Trace element signatures (Figure 6b) 
also  imply  the  Late  Jurassic  basanites  were  produced  from  low  degree 
melting of an enriched asthenospheric source (∼70 km depth).















volcanics  suggest  mixing  between  HIMU  (high  238U/204Pb)  and  DMM 
(depleted  mid-ocean  ridge  basalt  mantle)  mantle  reservoirs,  similar  to 
many  of  the  Atlantic  Ocean  intraplate  volcanoes  (Mazza  et  al.,  2014). 
The Eocene diatremes and some of the dikes exhibit brecciated textures, 




measured  in  clinopyroxene  phenocrysts  from  Highland  County  (Soles 
et al., 2014).






































































































































































































pression melting caused by  lithospheric removal  in  the Jurassic,  followed by a ∼100 Ma volcanic hiatus 
























comparison  between  predictions  and  observations.  At  this  point,  our  evaluations  of  the  various  mecha-
nisms are qualitative and conceptual; however, they represent a starting point toward more quantitative and 
specific comparisons between a working preferred model and observations, as described below.
6.1. Mechanisms for Lithospheric Loss










6.1.2. Widespread Lithospheric Loss via Rayleigh-Taylor Instability














inherited  lithospheric  structure  from earlier processes,  allowed  for  the  localization of upwelling mantle 




































6.1.5. Lithospheric Thinning Driven by a Deep, Plume-Like Upwelling
Yet another plausible scenario invokes deep processes, rather than processes taking place in the upper man-
tle,  as  the  driver  for  melting  and  volcanism  beneath  the  Central  Appalachians. This  model  invokes  the 





















































allowing for  thermal healing via  the slow regrowth of  lithosphere  through gradual cooling). Small-scale 
mantle  flow  driven  by  the  motion  of  the  North  American  Plate  may  have  played  a  role  in  maintaining 














maintaining  a  relatively  thin  lithosphere  over  long  periods  of  time  through  multiple  episodes  of  down-
welling, upwelling return flow, and lithospheric thinning, or through a continuous (or nearly continuous) 
version of this process.
7. Which Models Are Most Consistent With the Observations?
7.1. Mechanisms for Lithospheric Loss and Evolution: Comparison With Observations









































with only modest  topography. There  is  some additional  support  for  the  idea of particularly dense  lower 
crust,  at  least  during  the  Late  Jurassic,  from  the  observation  of  xenoliths  of  garnet-rich  gneisses  in  the 





































































7.1.3. Widespread Lithospheric Loss With Subsequent Healing/Regrowth
A mechanism of widespread  lithospheric  loss  (i.e., a Rayleigh-Taylor  instability whose dimensions were 
significantly larger than the present-day upper mantle geophysical anomaly) could be generally consistent 































An edge-driven convection mechanism for  lithospheric  thinning (and/or  the maintenance of  thin  litho-
sphere through geologic time) fails to match the observations beneath the Central Appalachians in several 
key  aspects.  This  model  does  not  easily  explain  the  temporal  specificity  of  the  Late  Jurassic  or  Eocene 
magmatic activity, unless episodic edge-driven convection is invoked, and even then, it is not easy to recon-
cile the persistence of the geophysical anomalies into the present day unless other processes are involved. 

































7.1.5. A Deep Thermal or Hydrous Mantle Anomaly
A mechanism for lithospheric thinning that invokes a deep source of heat (via a thermal mantle plume) 
and/or hydration makes some specific predictions about mantle structure that are, for the most part, not 
borne out by  the observations. There  is  little or no evidence for a deep mantle plume, or  for a  localized 




























































mechanism to maintain the  lithospheric divot  is  the velocity structure of  the crust above the CAA (Fig-
ure 3). Specifically, the lack of a crustal low-velocity anomaly is puzzling, as one would expect the crust 
overlying  the  thinned  lithospheric  mantle  to  undergo  warming  over  geologic  time  and  to  display  lower 
velocities today if shear-driven upwelling of the asthenosphere has been continuously operating since at 
least  the Eocene. Of course,  if  there was a compositional effect on crustal velocities  in  the  region, with 
anomalously fast velocities due to compositional variations, then this effect could in theory offset a potential 
thermal effect.






















































8. Discussion and Conclusions
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